Leiomyosarcoma of urinary bladder is rare, although it is the most common mesenchymal tumor in adults. We report two cases of this tumor following cyclophosphamide therapy. The first case is from a 53-yearold man with Wegener's granulomatosis treated for 6 years with cyclophosphamide. He presented with painless hematuria, and the initial biopsy of the bladder tumor revealed a malignant spindle cell neoplasm. A final diagnosis of leiomyosarcoma was made on radical cystoprostatectomy. The second example is from a 21-year-old man who had received cyclophosphamide in early infancy for a bilateral retinoblastoma. He also presented with painless hematuria, and a bladder tumor was resected transurethrally and diagnosed as leiomyosarcoma. He underwent partial cystectomy two months later. Cyclophosphamide, when used for a neoplastic or non-neoplastic condition, is associated with an increased risk of developing bladder cancer. The distribution of histologic subtypes differs from that seen in spontaneous bladder tumors. A review of the literature shows an increased proportion of squamous cell carcinomas and sarcomas, especially leiomyosarcomas in cyclophosphamide exposed patients. Acrolein, a cytotoxic metabolite of cyclophosphamide excreted in urine, is regarded as the most likely causative agent.
Benign and malignant mesenchymal tumors of the urinary bladder are rare. Leiomyosarcoma is the most common type, representing only 0.1% of bladder cancers (1). The median age of patients developing leiomyosarcoma is 49 years, but patients ranging from 16 to 72 years have been reported (1) (2) (3) (4) (5) (6) . Since the first report by Rowland and Eble in 1983 (5) , it has been established that the prevalence of bladder leiomyosarcoma is higher in cyclophosphamide-exposed patients (1) (2) (3) (4) . The reason for this relationship remains speculative. We report two additional cases of this interesting association.
REPORT OF CASES

Case 1
A 53-year-old man who developed Wegener granulomatosis confirmed by nasal biopsy in 1979 was treated with prednisone and cyclophosphamide. In 1984, he presented with painless hematuria and cyclophosphamide was stopped. Cystoscopy revealed a sessile bladder tumor, and the initial biopsy showed a malignant spindle cell neoplasm ( Fig. 1 ) with significant mitotic activity. The patient underwent radical cystoprostatectomy and received pre-and postoperative radiation therapy. A final diagnosis of leiomyosarcoma was made based on the presence of immunoreactivity (Avidin-biotin method of Hsu et al. [7] ) for desmin (Dakopatts, Glostrup, Denmark, dilution: 1:200) and smooth muscle actin (Enzo, New York, dilution: 1:100). The myoglobin (Biogenex, San Ramos, CA, dilution: 1:200) stain was negative. Electron microscopy (fixation in 3% glutaraldehyde, postfixation in osmium tetroxide, counterstaining with uranyl acetate and lead citrate, analysis with a Zeiss EM109 electron microscope) showed spindle cells with bundles of thin myofilaments and dense bodies in the cytoplasm. The patient developed a local recurrence 6 months postsurgery and underwent further radiotherapy. The patient was lost to follow-up.
Case 2
A 21-year-old man with bilateral retinoblastoma was treated with left eye enucleation and right eye irradiation at 8 months of age. He received chemotherapy, including vincristine, actinomycin D, and cyclophosphamide for unknown duration. Nineteen years after the initial treatment, he presented with recurrent retinoblastoma and was given another cycle of chemotherapy with carboplatin and VP 16. Shortly thereafter, he developed painless hematuria. A bladder tumor was found at the dome and was resected transurethrally. The specimen showed a spindle cell tumor ( Fig. 2) with nuclear pleomorphism and a high mitotic rate (5-10 mitoses/10 HPF). The tumor expressed vimentin (Dakopatts, Glostrup, Denmark, clone V9, dilution: 1:50), desmin (Dakopatts, Glostrup, Denmark, dilution: 1:200), and smooth muscle actin (Dakopatts, Glostrup, Denmark, clone 1A4, dilution: 1:500) and was negative for keratin CAM 5.2 (BectonDickinson, San Jose, CA, dilution: 1:1) and epithelial membrane antigen (Dakopatts, Glostrup, Denmark, clone E29, dilution: 1:50). A diagnosis of leiomyosarcoma was made, and the patient underwent partial cystectomy. Little residual tumor was found on the surgical specimen. There was no recurrence at his last follow-up, 4 years after the partial cystectomy.
DISCUSSION
Cyclophosphamide is a direct alkylating agent and is used as both a chemotherapeutic and immunosuppressive drug (4 -6) . It is activated in the liver by the cytochrome P-450, and all metabolites are excreted in the urine (5). The relative risk of developing bladder cancer is increased 6.8-fold in cyclophosphamide-exposed patients, and it ranges from 6.4 in absence of cystitis to 11.3 when hemorrhagic cystitis is present (2, 3) . The risk appears to increase with time without reaching a plateau (2) .
The distribution of histologic subtypes in cyclophosphamide-associated bladder cancers differs from that of sporadic cases. The proportion of squamous cell carcinomas increases from 2.7% in sporadic cases to 15.8% following cyclophosphamide, and that of transitional cell carcinomas decreases from 95.6% to 71.1%. Adenocarcinomas remain unchanged and represent 1.5% of sporadic cases and 1.3% of cyclophosphamide-exposed patients (1). The proportion of mesenchymal neoplasms is increased, with leiomyosarcomas representing 9.2% of tumors in patients exposed to cyclophosphamide compared with 0.1% of sporadic cases. Fibrosarcomas account for 2.6% of treated cases compared with 0.019% of sporadic tumors (1).
In the literature, nine leiomyosarcomas, including ours, have been reported following treatment with cyclophosphamide (Table 1) . Patients received the drug for either neoplastic or non-neoplastic conditions. The duration of treatment ranged from 3 (1) to 11 (4) years (median: 5.7 years), and the patients developed a leiomyosarcoma 5 (present study) to 21 years (8) (median: 17 years) after the initial diagnosis without dose-or time-related effect. Patients usually present with painless hematuria as the only symptom (4). Leiomyosarcomas occur mostly at the dome followed by the lateral walls of the bladder. Therefore, the best treatment is partial cystectomy, if feasible, in most cases (4) .
The carcinogenic action appears to be secondary to excretion in urine of acrolein, one of the metabolites of cyclophosphamide (1-3). Acrolein causes acute toxicity to the bladder mucosa and can induce hemorrhagic cystitis (2, 4 -6) . This is followed by rapid epithelial regeneration and increased risk of mutation (3). One agent, sodium 2-mercaptoethanesulfonate, an acrolein inactivator, has been reported (2) to decrease the incidence of bladder cancer in rats and the risk of hemorrhagic cystitis in humans. There is, however, no further evidence that this drug can reduce the risk of developing bladder cancer in humans.
Mesenchymal changes mimicking radiation injuries, such as stromal edema, fibroblastic proliferation and degeneration, vascular alterations, and mucosal telangiectasia, have been observed with cyclophosphamide cystitis (2, 3, 5, 6) . A possible relation of these atypical mesenchymal changes with the development of sarcomas has been proposed (2) . However, occasional cases of leiomyosarcoma occur in patients with retinoblastoma without exposure to cyclophosphamide (9) . Additionally some leiomyosarcomas show pRb and p16 gene abnormalities, suggesting that certain individuals may have inherited genetic susceptibility to develop such tumors (9) . This genetically increased risk may be enhanced by the cyclophosphamide exposure.
In summary, the prevalence of leiomyosarcomas is increased in cyclophosphamide-exposed patients. Acrolein, a cytotoxic metabolite of cyclophosphamide excreted in urine, is regarded as the potential causative agent. The premalignant mesenchymal lesion underlying the development of bladder sarcomas is not known, but it has been demonstrated that the relative risk is higher in patients with hemorrhagic cystitis. Patients on cyclophosphamide therapy should be followed closely. 
